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Description 

This invention relates to the manufacture of 
resin impregnated fabric articles which are useful 
as dielectric substrates in printed circuit boards 
and to improvements in said manufacturing of such 
articles which avoid shrinking of the articles during 
final curing of the resin. 

It has long been known to use resin impreg- 
nated fabric, more commonly known as prepreg, as 
a dielectric substrate in the manufacture of printed 
circuit boards. 

In a typical process, the fabric, which may be 
made from any suitable material, is coated with a 
curable resin. The resin is then partially cured, or 
"B-staged in order to provide substantially planar 
cards or boards of prepreg which can be used to 
construct a printed circuit board. Typically the 
prepreg comprises glass cloth impregnated with an 
epoxy resin as is shown in U.S. Patent No. 
3,660,199. 

Often, prior to personalization of the printed 
circuit board, the prepreg components are lami- 
nated together to form thicker dielectric layers and 
are sometimes sandwiched between layers of a 
conductive material. The conductive layers are then 
sometimes covered with additional layers of 
prepreg to form buried conductive layers. 

It is also typical in the manufacture of printed 
circuit boards having one or many layers to make 
holes, known as through holes, completely through 
the printed circuit board. The holes are made by a 
variety of techniques such as drilling or laser cut- 
ting. They may be plated with a conductive ma- 
terial for use in electrical communication between 
the sides of the printed circuit board or they may 
be used to receive pins of components which are 
plugged into the printed circuit board. 

Finally the prepreg or the drilled laminate is 
fully cured or "C-staged". C-staging after lamina- 
tion helps to improve laminar adhesion in printed 
circuit boards comprising layers of prepreg. The C- 
staged prepreg or laminate is then normally per- 
sonalized on at least one side with an electrically 
conductive circuit, which may be applied by any of 
a variety of well-known techniques, such as silk 
screen printing or photomasking combined with 
plating and etching. 

It has been a problem with prepreg made by 
the process described above, especially when B- 
staged by heating in a vertical curing oven, that the 
prepreg shrinks during C-staging. Such shrinking is 
more dramatic when the prepreg is B-staged in a 
vertical drying oven, although it is also noted when 
the prepreg is B-staged in a horizontal oven. It is 
believed that the weight of the resin coated web as 
it is pulled up the vertical curing oven or through a 
horizontal oven stresses the warp of the fabric. It is 



believed that during C-staging the forces exerted 
by the warp in trying to recover from this stress 
causes the prepreg to shrink in a direction parallel 
with the warp. 

5 Such shrinking causes through holes drilled in 

the prepreg, or in a laminated substrate comprising 
such prepreg, to move toward the center of the 
board during C-staglng. 

Coping with this problem has been a major 

w factor in the production of printed circuit boards. 
Generally the shrinkage is compensated for by the 
complex and imprecise technique of anticipating 
shrinkage, such as by making through holes in 
locations other than where they are ultimately de- 

15 sired in anticipation that they will move to the 
desired location. 

There is a need for prepreg which demon- 
strates reduced shrinkage during C-staging. 

The invention as claimed provides a method 

20 for making substantially planar constructions of 
resin-impregnated fabric, which method comprises 
the steps of (1) coating the fabric with a curable 
resin, (2) partially curing the resin and (3) fully 
curing the resin. The method comprises, between 

25 steps (2) and (3). cutting at least a plurality of the 
warp of the fabric in at least one location, whereby 
shrinkage of the construction during step (3) is 
reduced. 

The invention is described in detail below with 
30 reference to the drawings of which 

FIG. 1 shows schematically and in cross- 
section an apparatus for making 
prepreg. 

FIG. 2 shows a top view of a B-staged print- 
35 ed circuit board made employing the 

present invention. 
FIG. 3 shows a top view of a B-staged print- 
ed circuit board made employing a 
preferred embodiment of the present 
40 invention. 

FIG. 4 shows schematically and in cross- 
section a printed circuit board made 
in part of laminated layers of prepreg 
employing the present invention. 
45 It has been discovered that cutting at least a 
plurality of the warp of the resin-impregnated fabric 
in at least one location while the resin is in a 
partially cured state will surprisingly reduce the 
shrinkage of the prepreg during C-staging. 
so Referring more specifically to FIG. 1, there is 
shown a greatly simplified apparatus for coating a 
fabric with resin and for B-staging the coated fab- 
ric. 

Fabric 1 is unwound from supply roll 2 and 
56 dipped into a curable liquid resin 3 before entering 
curing oven 4 where the liquid coated fabric is 
partially cured, usually by forced hot air 

Any useful fabric and resin may be employed. 
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The particular type of resin and fabric used are not 
critical to the operation of the invention. Typically, 
fabric 1 is glass cloth and resin 3 is an epoxy or 
polyimide resin. 

After exiting curing oven 4, the partially cured 
resin impregnated fabric, known as prepreg, is cut 
into panels 5 by cutter or slitter 6. 

It is believed that the weight of the resin coated 
fabric 7 stresses the warp of fabric 1 as it is drawn 
up vertical curing oven 4, as explained above. Such 
stressing also occurs in systems having horizontal 
curing ovens (not shown), but to a lesser degree. 

Referring more specifically to FIG. 2, there is 
shown a top view of a B-staged panel 5. A single, 
non-continuous line of cuts 8 has been made in the 
warp of the fabric which forms the core of panel 5. 
The warp of the fabric runs lengthwise of the panel. 
The cuts do not have to be in a line perpendicular 
to the warp as shown in FIG. 2, although such a 
configuration is normally preferred because of 
manufacturing convenience. The cuts could be at 
random locations or, for example, in a diagonal line 
or a curve. It is important to the operation of the 
invention that at least a plurality of the warp be cut 
in at least one location, but the pattern of the cuts 
in the warp is not critical. 

Cuts 8 part just over half of the warp in panel 
5. As will be more fully described in the following 
Example, it has been found that cuts in at least a 
plurality of the warp of the fabric in at least one 
location, one embodiment of which is shown in 
FIG. 2, will reduce the shrinkage of prepreg more 
than 20% during C-staging. 

Cuts 8 may be made by any useful means. 
The means of making cuts 8 is not critical to the 
invention. For example, a knife edge, a laser or a 
roller embossed with a pattern of knife edges may 
be used. The cutting means normally cuts through 
the resin coating on one side of the fabric and 
through the warp of the fabric, leaving a slit in the 
resin which is "healed" during C-staging. 

Through holes 9 and electrically conductive 
circuit 10 are applied to panel 5 by conventional 
and well known means which are described in the 
literature and which will not be repeated here. 
Normally through holes 9 are made before C-stag- 
ing and circuit 10 is applied after C-staging. 

Referring more specifically to FIG. 3, there is 
shown panel 5 in which 12 non-continuous cuts 8 
have been made across a plurality of the warp of 
the fabric. As is discussed in more detail in the 
following Example, the number of cuts 8 shown in 
FIG. 3 provide about an 80% reduction in shrink- 
age of the prepreg during C-staging. Although it is 
not shown in this figure, either or both surfaces of 
panel 5 may be personalized with electrically con- 
ductive circuitry and through holes may be made in 
the panel, as is shown in FIG. 2. 



Referring more specifically to FIG. 4, there is 
shown printed circuit board 1 1 which is made using 
the construction of the present invention. Printed 
circuit board 11 comprises a central core 13 of 

5 three laminated layers of prepreg 12 which in- 
cludes the improvement of the present invention. 
Conductive layers 14 are on either side of central 
core 13 and are in turn covered by two additional 
layers of prepreg 12. Through holes 15 have been 

10 drilled through printed circuit board 11 and have 
been plated with an electrically conductive metal in 
order to enable electrical communication between 
printed circuits 17, which have been applied to 
both sides of printed circuit board 11. 

is Warp 18 and weft 19 of the fabric of prepreg 

12 is shown impregnated in resin 20. Cuts 21 in 
warp 18 are also shown. Resin 20 around cuts 21 
has healed during Ostaging of printed circuit board 
1 1 so that no slits in the resin remain. 

20 Laminating of the various layers shown in FIG. 
4, the deposition of a conductive metal on a dielec- 
tric resin and the drilling of through holes through 
multiple layers are well-known techniques in the art 
of making printed circuit boards. 

25 The invention will be further illustrated by the 
following examples of which construction no. 1 is 
not in accordance with the present invention and 
constructions nos. 2-10 are examples of construc- 
tions made by the method of the invention. 

30 

EXAMPLES 

A dielectric substrate, also known as prepreg, 
for use in the manufacture of printed circuit boards 

35 was made by dip-coating a 60 cm-wide web of 
glass cloth, commercially available from Uniglass 
as Style 109 Glass Cloth, in a heat curable epoxy 
resin, commercially available from Ciba Geigy as 
FR 4. An Egan treater was used. 

40 The glass cloth, coated with uncured epoxy 
resin was run through a 148* C vertical curing oven 
for 2 minutes to accomplish partial curing or "B- 
staging", of the resin. After leaving the oven, the 
web was cut into 70 cm-long boards by a Moore & 

45 White slitter. 

The boards were used to make constructions 
having three layers of prepreg sandwiched be- 
tween 70 urn copper layers which were in turn 
covered by two layers of prepreg. A pattern of 

so about 2,500 through holes which is commonly used 
in the manufacture of printed circuit boards was 
drilled in nine such constructions, numbered 1 
through 10, and the x and y locations of 30 of the 
through holes was recorded for future comparison. 

55 

Construction No. 1 

No cuts were made in Construction No. 1. it 
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was fully cured, or "C-staged", at 176*C for an 
hour under 34,5 x 10 5 Pa (34,5 bar) uniform pres- 
sure applied by a hydraulic press, and the x and y 
locations of the same 30 through holes were once 
again recorded and compared to their original, loca- 
tions. The outermost holes, near the 60 cm-wide 
edge of the board and located about 22,86 cm 
from the centerline of the board, were found to be 
drawn toward the centerline of the board, the 
movement being parallel to the 70 cm dimension, 
by about 127 urn. The holes nearer the center of 
the board were drawn toward the center of the 
board by a lesser distance. 

For uniformity of comparison from board to 
board, this movement may be expressed as parts 
movement per million parts distance from the hole 
location to the centerline of the board (ppm). In the 
case of Construction No. 1, there were 550 parts 
movement for each million parts distance, or 550 
ppm. 

Construction No. 2 

Construction No. 2 was made, drilled and mea- 
sured as in connection with Construction No. 1 
except that each prepreg component of Construc- 
tion No. 2 was subjected to one non-continuous cut 
across its warp by an exacto knife prior to assem- 
bly. The exacto knife was positioned to cut through 
the partially cured resin to a depth sufficient to part 
the warp of the glass cloth and was manipulated to 
cut only just over half of the warp in each compo- 
nent. An open slit the width of the knife thickness 
was also left in the resin at positions where the 
warp was cut. 

Construction No. 2 was C-staged and the x and 
y locations of the same 30 through holes were 
recorded and compared to their locations before C- 
staging. Movement of the holes was reduced to 
about 420 ppm, a reduction of over 23%. 

It was observed in Construction No. 2 and in 
Constructions 3 through 10, described below, that 
after C-staging the cut left in the resin by the 
exacto knife had been "healed", in most cases 
without a visible trace. 

Construction No. 3 

Each prepreg component of Construction No. 3 
was subjected to two separate non-continuous cuts 
along the warp of the glass cloth. The cuts were 
evenly spaced to divide each component substan- 
tially in thirds and, as in Construction No. 2, each 
cut separated just over half of the warp. After being 
subjected to the same measurements and compari- 
sons as Constructions 1 and 2, it was observed 
that in Construction 3 the migration of the holes 
was reduced to about 350 ppm, a reduction of over 



36%. 

Construction No. 4 

s Each prepreg component of Construction No. 4 

was subjected to three separate non-continuous 
cuts along the warp of the glass cloth. The cuts 
were evenly spaced along the length of the compo- 
nent and, as before, parted just over half the warp. 

w After being subjected to the same measurements 
and comparisons as Constructions 1 through 3, it 
was observed that in Construction No. 4 the move- 
ment of the through holes during C-staging was 
about 200 ppm, a reduction of over 63%. 

Construction No. 5 

Each prepreg component of Construction No. 5 
was subjected to six separate non-continuous cuts 

20 along the warp of the glass cloth. The cuts were 
evenly spaced along the length of the component 
and, as before parted just over half the warp. After 
being subjected to the same measurements and 
comparisons as Constructions 1 through 4, it was 

25 observed that in Construction No. 5 the movement 
of the through holes during C-staging was about 
180 ppm, a reduction in shrinkage of about 67%. 

Construction No. 6 

30 

Each prepreg component of Construction No. 6 
was subjected to nine separate non-continuous 
cuts along the warp of the glass cloth as in the 
previous Constructions 2 through 5. After being 

35 subjected to the same measurements and compari- 
sons as Constructions 1 through 5, it was observed 
that in Construction No. 6 the movement of the 
through holes during C-staging was about 150 
ppm. a reduction in shrinkage of about 70% over 

40 the shrinkage of Construction 1 . 

Construction No. 7 

Each prepreg component of Construction No. 7 
45 was subjected to 12 separate non-continuous cuts 
along the warp of the glass cloth as in previous 
Constructions 2 through 6. After being subjected to 
the same measurements and comparisons as Con- 
structions 1 through 6 it was observed that in 
so Construction No. 7 the movement of the through 
holes during C-staging was about 100 ppm, a re- 
duction in shrinkage of about 80% over the shrink- 
age of Construction 1 . 

55 Construction No. 8 

Each prepreg component of Construction No. 8 
was subjected to 15 separate non-continuous cuts 



4 



EP 0 248 248 B1 



along the warp of the glass cloth. As in previous 
constructions 2 through 7, the cuts parted just over 
half the warp in each component. After being sub- 
jected to the same measurements and compari- 
sons as Constructions 1 through 7, it was observed 
that in Construction No. 8 the movement of the 
through holes during C-staging was about 100 
ppm, a reduction in shrinkage of about 80% over 
the shrinkage of Construction 1, but no further 
improvement over the the shrinkage of Construc- 
tion No. 7. 

Constructions No. 9 and No. 10 

Each prepreg component of Construction No. 9 
was subjected to three separate non-continuous 
cuts along the warp of the glass cloth and three 
separate such cuts along the weft of the glass 
cloth. Each prepreg component of Construction No. 
10 was subjected to 15 separate such cuts along 
the warp and 1 5 separate cuts along the weft of the 
glass cloth. Each cut parted just over half of the 
warp or weft. 

After being subjected to the same measure- 
ments and comparisons as Constructions 1 through 
8 it was observed that Construction No. 9 showed 
only marginally less movement of through holes 
than Construction No. 4 during C-staging and that 
Construction No. 10 showed no additional reduction 
in movement of through holes than Construction 
No. 8. 

It will be clear to one of ordinary skill in the 
printed circuit board technology after reading the 
preceding Example that the improvement of the 
present invention can be used to reduce shrinkage 
or movement of through holes in prepreg and in 
printed circuit boards of a variety of sizes, compris- 
ing a variety of layers of prepreg and other materi- 
als and whenever said prepreg is made from a 
variety of resins and fabrics. It will also be apparent 
to such a technician that cutting of the fabric can 
be accomplished by a number of other methods, 
such as laser cutting or the use of a roller em- 
bossed with a pattern of knife edges. 

Claims 

1. Method for making a substantially planar con- 
struction of resin-impregnated fabric which 
comprises the steps of (1) coating the fabric 
with a curable resin, (2) partially curing the 
resin and (3) fully curing the resin, character- 
ized by, between steps (2) and (3), cutting at 
least a plurality of the warp of the fabric in at 
least one location, whereby shrinkage of the 
construction during step (3) is reduced. 

2. The method of Claim 1 wherein portions of the 



weft of the fabric are also cut. 

3. The method of Claim 1 wherein the warp is cut 
along at least one line which is substantially 

5 perpendicular to the warp. 

4. The method of Claim 3 wherein the warp is cut 
sufficiently to reduce such shrinkage of the 
construction by about 80%. 

w 

5. The method of Claim 3 wherein the warp is cut 
in a non-continuous fashion. 

6. The method of Claim 1 wherein, after cutting 
75 and prior to step (3), the substantially planar 

construction is laminated with at least one oth- 
er planar member selected from the group 
consisting of other substantially similar con- 
structions and a conductive metal in order to 
20 form a laminate. 

7. The method of Claim 6 wherein after lamina- 
tion and before step (3) at least one through 
hole is made in the laminate. 

25 

8- The method of Claim 1 wherein a printed cir- 
cuit is applied to at least one surface of the 
construction. 

30 9. The method of Claim 6 wherein the laminate 
has at least one outer surface of said substan- 
tially similar construction having a printed cir- 
cuit applied thereto. 

35 10. The method of Claim 1 wherein cutting is 
accomplished by a knife edge. 

11. The method of Claim 1 wherein cutting is 
accomplished by the application of laser radi- 

40 ation. 

12. The method of Claim 1 wherein the fabric is a 
glass cloth. 

45 13. The method of Claim 1 wherein the resin is a 
heat curable epoxy resin. 

Revendications 

so 1. Procede de fabrication d'une structure sensi- 
blement plane en tissu impregnS de r£sine, qui 
comprend les operations de (1) revetement du 
tissu avec une resine durcissable, (2) durcisse- 
ment partiel de la resine, et (3) durcissement 

55 complet de la resine, caract^rise en ce que, 

entre les operations (2) et (3), on coupe au 
moins une plurality des fils de chaTne du tissu 
& au moins un endroit, de sorte que la contrac- 
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tion de la structure pendant I'opSration (3) est 
r&Juite. 

2. Proc6d6 suivant la revendication 1 , dans lequel 
des parties de la trame du tissu sont egale- 
ment couples. 

3. Procede suivant la revendication 1 , dans lequel 
la chaTne est couple suivant au moins une 
ligne qui est sensiblement perpendiculaire a la 
chaTne. 

4. Procede suivant la revendication 3, dans lequel 
la chaTne est couple suffisamment pour redui- 
re de 80% environ cette contraction de la 
structure. 

5. Procede suivant la revendication 3, dans lequel 
la chaTne est coupee de fagon discontinue. 

6. Procede suivant la revendication 1, dans le- 
quel, apres la coupe et avant PopSration (3), la 
structure sensiblement plane est laminee avec 
au moins un autre Element plan choisi dans le 
groupe comprenant d'autres structures sensi- 
blement similaires et un m6tal conducteur, afin 
de former un stratifie. 

7. Procede suivant la revendication 6, dans le- 
quel, aprfcs stratification et avant Poperation 
(3), au moins un trou de traversde est execute 
dans le stratifie. 

8. Procede suivant la revendication 1 , dans lequel 
un circuit imprime est appliqu6 a au moins une 
surface de la structure. 

9. Procede suivant la revendication 6, dans lequel 
le stratifie presente au moins une surface exte- 
rieure de ladite structure sensiblement similai- 
re a laquelle est applique un circuit imprime. 

10. Procede suivant la revendication 1, dans lequel 
la coupe est effectuee au moyen d'une lame. 

11. Procede suivant la revendication 1, dans lequel 
la coupe est effectuee par I'applicatiqn d'un 
rayonnement laser. 

12. Proced4 suivant la revendication 1, dans lequel 
!e tissu est un tissu de verre. 

13. Procede suivant la revendication 1, dans lequel 
la lysine est une r^sine epoxy thermodurcissa- 
ble. 

Patentanspruche 



1. Verfahren zur Herstellung von einem mit Harz 
impregnierten Textilerzeugnis ebener Struktur, 
das die folgenden Schritte aufweist: 

(1) Beschichten des Gewebes mit hartba- 
5 rem Harz, 

(2) teilweises HMrten des Harzes, und 

(3) vollstSndiges Harten des Harzes, 
dadurch gekennzeichnet, 

10 da# zwischen den Schritten (2) und (3) an 

wenigstens einer Stelle wenigstens eine Viel- 
zahl der Kettfaden des Textilerzeugnisses ge- 
schnitten werden, wodurch die Schrumpfung 
der Struktur wahrend des Schrittes (3) redu- 

75 ziert wird. 

2. Verfahren nach Anspruch 1 , in dem Abschnitte 
des Gewebes des Textilerzeugnisses ebenfalls 
geschnitten werden. 

20 

a Verfahren nach Anspruch 1, in dem die Kettfa- 
den entlang wenigstens einer Linie geschnitten 
werden, die im wesentlichen senkrecht zu den 
Kettfaden steht. 

25 

4. Verfahren nach Anspruch 3, worin die Kettfa- 
den ausreichend geschnitten werden, urn die 
Schrumpfung der Struktur urn ungefahr 80 % 
zu reduzieren. 

30 

5. Verfahren nach Anspruch 3, worin die Kettfa- 
den in einer nicht durchgehenden Art und Wei- 
se geschnitten werden. 

35 6. Verfahren nach Anspruch 1, worin nach dem 
Schneiden und vor dem Schritt (3) die im 
wesentlichen ebene Struktur mit wenigstens 
einem anderen ebenen Teil, das aus einer 
anderen im wesentlichen ahn-lichen Struktur 

40 besteht, und einem leittehigen Metal! laminiert 

wird, urn ein Laminat zu bilden. 

7. Verfahren nach Anspruch 6, worin nach der 
Laminierung und vor dem Schritt (3) wenig- 

45 stens eine Durchgangsbohrung in dem Laminat 
hergestellt wird. 

8. Verfahren nach Anspruch 1 , worin ein gedruck- 
ter Schaltkrels auf wenigstens einer OberflSche 

so der Struktur aufgebracht wird. 

9. Verfahren nach Anspruch 6, worin auf wenig- 
stens einer Mu/teren OberfiSche der im wesent- 
lichen ahnltchen Struktur des Laminats ein ge- 

55 druckter Schaltkreis aufgebracht ist 

10- Verfahren nach Anspruch 1, worin das Schnei- 
den mittels einer Messerschneide durchgefGhrt 
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wird. 

11. Verfahren nach Anspruch 1, worin das Schnei- 
den durch die Anwendung von Laserstrahlen 
bewirkt wird. 5 

12. Verfahren nach Anspruch 1, worin das Textiler- 
zeugnis ein Glasgewebe ist. 

13. Verfahren nach Anspruch 1, worin der Harz ein 10 
warmehartbarer Epoxydhar2 ist. 
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FIG. 3 
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